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3,273,382
MEANS AND METHOD OF MEASURING
VISCOELASTIC STRAIN
James E. Webb, Administralor of the National Aero-
nautics and Sfmce Administration, with respect fo an
invenfion of Anthony San Miguel and Roberi H. Silver
Filed Jan. 8, 1964, Ser. No. 336,608
8 Claims. {CL 73—88)

This invenlion relates to means and method of measur-
ing viscoelastic strain, and included in the objects of this
invention are:

First, to provide a means and method wherein the
jsoclinic positions (0 to 90 degrees) are photographed
in a short time nterval thus enubling one to attain strain
and stress mézsurements as a function of time, sometimes
referred to as visceelasticity,

Second, to pmwde a means and method of measuring
viscoelastic strain in solid propellants wpergin the prin-
cipal direction and magnitude of strains zre measured
as a function of time and are recorded by the isoclinics
and isochromatics as defined in classical photoeiasticity,
in a manner so as to provide full information regarding
the properties of the propellant member.

Third, to provide a means and method wherein the
viscoelastic properties of propeilint as well as other ma-
terials can be measured under relaxation and creep con-
ditions, or dynamic conditions, both cyclical and tran-
sitory, such as those experienced by operational solid
rockets. .

Fourth, to provide a means and method whereby ex-

srimental observations prerequisite to the fields of photo-
thermoelasticity and photoviscoelasticity may be readily
made; it being recognized thal a knowledge of these fields
is c»ennd\ to the study of rocket propeHant properties
during cure and operational thermal cycling.

Fifth, to provids a means and method of measuring
viscoelastic strain, which is neondestructive in nature, so
that after test the propeilant may be installed in a rocket -
motor for use; or the propeilast of a rocket motor $ub-
ject 1o’ a long storage pt‘nud may be tested from time-
to-time to insure that it is operational at the time of use.

Sixth, to provide a means and method wherein a2 tu-
bular sclid propeliani member i5 coated with a photo-
clastic material, internally pressurized, and the resulting
strain patierns ot an end of the prepellant are photo-
graphed for analysis.

Seventh, to provide a means and method wherein the
strain patterns are photographed in polarized light, and
in rapid succession under different conditions of pressure
or orientation of the polarized licht, or both, to provide

ull information regarding the properties of the solid
propeﬂém member.

With the above and other objects in view, as may ap-
pear hereinafter, reference is directed (o the accompany-
ing drawings in which:

FIG. 1 is a perspective view with portions broken
away ilustrating ithe means for siraim-analyzing solid
propellants;

FIG. 7 is an énlarged, fragmentary,
taken through 2—2 of FIG.
table;

FIG. 3 is an enlarged, fragmentary, sec
through 33 of FIG, 1;

FIG. 4 is a furzb"r enlarged, fragmentary, sectional
view taken through 4—4 of FIG. 2;

FiG. 5 is an enlarged, fragmentary, sccuona] view
taken through 53 of FIG. 1 showing particularly the
propeliant member;

- FI1G. 6 is an enlarged, plan view of one of the flter
units iaken substantially from &—6 of FIG. 4;
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FIG. 7 is a diagramnatical view showing the manner
in which light from an annular light soorce is dirceted
upon the pmp‘_l?‘mt member and reflected to a camera;

FIG. 8 is a fragmun.:ry scchanal view, showing the
upper -portion of the propellant grain and switch means
for axial control of the pressurizing bag.

The means for strain-analyzing solid propellants in-

cludes a supporting structure 1 having a lower platform

2 on which is mounted a sleeve 3, which in turn includes

a disk 4. The propellant member 5 to be testcd is sup-
orted on the disk 4;

Thc propellant is in the form of a hollow cylinder
having relatively thick walls.  The bore may be circolar
or may be star-shaped, or otherwise internally contoured
to produce predetérmined burning characteristics. For
purposes of um]yzinz strains in the propellant member
S, at least one end is provided with a birefringent coaling
6 which conforms to the annular shape of the grain and
fo the configuration of the bore, whether the bore be an-
nuiar, star-shaped, or otherwise contoured.

Fitted within the p mpeﬂam member 5 is a prcsqmzm
bag 7 premolded zo fit in substantial conformance with
the interior walls of the propellant member 5. The upper
and lower ends of the pressurizing bag 7 are constricted
to form necks 8 and 9 through which extends a2 mandrel
14.

The upper neck 8 of the pressurizing bag 7 is secured
by clamp means 11 to the upper end of the mandrel 10.
The Towsr end of the pressurizing bag 7 is secured by
its neck 9 to thie disk 4 by a clamp nut 12 so that the
mandrel 10 is capable of axial inovement 1o axially elon-
gale or-sporien the pressurizing bag 7.

A portion of the clamp means 11 includes a
disk 13 which conforms (o the cross sectionz
of the bore in the propellant member 5, and is locate
close proximity to, but preferably clearing by a few
thousandihs of an inch, the upper end of the propeliant
member 5 so that the p essurizing bag 7 cannot exirude
outwardiy between the propcl!am member 5 and the
retainer disk 13, The Jower end of the pressurizing bag 7
is confined within the boundaries cf the prupe,.a.m grain
by mpacer ring 14.

Mounted on the retainer disk 13 is a icnsirxg switck 15
having a probe 16 arranged to lightly engage the end sur-
face of the propellont member 5.

The lower end of the mandrel 10 is connecied to a
mandrel shifting means 17 which may include a piston
and cylinder so that the mandrel 1€ may be moved axially
a limited distance. Operation of the mandrel shifiing

means 17 is contralled by the sensing swiich 13 so th
even though the propeilant member 5 may change i
axial length when under test, the clearance betw

retainer disk 13 and the upper surface of the p
meniber S wil] remain substantially constant and be
that the curizing bag 7 cannot extrude radialiv.
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“lar opening 23.
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piatform- 19 on v.\_» is mounted a cylindrical filter
housing 20 in wiich is mounted g turntuble 21, Formed
in the turntable 2% is a circle of apertures 22 which may
be moved, one at 2 time, into axial alignment with the
propellant nigmber S and exposed mcrczo through a tubu-

Each aperture 22 receives a filter unit 24, Each filier
unit 24 includes a pair of glass disks 25 between which
is positioned a filtering element. The filtering element
may be a monoct
filler. In the Jatter o se, illusirated in the drawings, the
polarizing filter includes a polerizing filter ring 26 and a
central, coaxi 31, potarizing filter disk 27.

The polariz 25 and filter Gisk 27 are suitably
bonded, as indlcatad
ring 26 with their ;»:‘
lar relation. The eatire fikier unit 24 is adjustably secured
by clamps 2% so thzt filier unit 24 may be oriented in
different positions; a" to aid in positioning the filter unit,
a scale 30 is provid

Thé turniable 21 15 provided with a central drive shaft
31 which is dri iver v a gear reduction und index unit 32
preferably arrang 1hat the apertures 22 and the filie
units 24 may be brought, in predetermined sequence, mio
axial alignment with ihe prcment member 5.

Mounted above bz opening 23 with which the aper-
tures 22 are alignzd. is a prism support 33 containing
prisms 34 so arrzszed that light refizzted from the coat-
ing €, and coaxial h the opening 23 and aperiures 22
in rc”imy therewith, will be direcied at right
a camera 35, B
support 33 is an
an annular lamp 37
light onto the con
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2y D*-’:ans' of the pres-
etermined pressure or predeler-
¢s.  IHlumination from the annu-
ed axially toward the birefringent
2= upwurdly from the coating ihrough
and prisms 34 o the camera 35.
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More spect by taking measurements at various
time intervais, ¢ rid stress mezsvrements as a func-
tion of tme are ned. Two periinent fests in the 7o

stiz physical properties are (1) the creep
test and (2) the 1 tion test. The creep test is ac-
complished by m iing the bzz pressure consiant
{hence the stresses in the rocket orain) and ohserving the
1ich of time. The reloxation test
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is accomplished by maintaining the wochromatac patiern
constant (sirain magnitudes) and observing the stress Seld
decay by monhoring the pressure drop in the bag.

Dynainic studies can be either cyclical or transient.
The cyclical is accomplkhed by cycling the bag pressure
whereas the transient is agccomplished by either mfreasing
or decreasing the bag pressure monotonically.

The sequence of events may be accomplished manually;
however, it is preferred 1o utilize a conventional auto-
matic timing means to canse operation of the camera and
noiation of the turniable at predetermined intervals.

While a particular embodiment of this invention
been shown and destribed, it is not intended to limif.
the same to the exact details of ‘he construction set -
forth, and it embraces such changes, modifications, and
equivalents of ihe parts and their formation and arrange-
ment as come within the purview of the appended claims.

What is claimed is:

1. A mzthod of testing a vxscoe)asnc tubular solid pro-
pellant member, characterized by: ' ]

(z) coating at least one end of a tubular solid propel-

lant member with a birefringent resin;

(b) sealing the ends of said propellant member in-
ternally of said birefringent resin whereby szid resin
is exposed;

(c) subjecting the tubular propellant member to in-
ternal pressures;

“{d) exposing the coating to polarized light

(¢) and photographing the strain pattern produced by
said coating.

2. A method of testing a vn<codnmc 'ubu]ar solid pro-

“pellant member, characterized by:

ha

(a) coating at least one end of a tubular solid nropel-‘

tant member with a birefringent resin;

{(b) sealing the ends of said propellant member;

(¢) subjecting the tubular propellant member %o in-
ternal pressures;

(d) exposing the coating to polarized light;

(e) chun"mv the orientation of the polarized light;

(f) ond »phctugrmhmg the strain pattern produced by
said cozting for each orientation of the polarized
light.

3..A means of fc<!m° a
pellant member, comprising:
() means for clcrifw zh extremities of the bore of a
tubuylar solid propellant member having a bxre;rmgem
cosling on one axial end while e\posmw seid coating;

(b) meuns for internnlly pressurizing said fubuiar Pro-
pellant member;

(c) means for exposing said coating 16 po,fmnd light;

“(d) and coaxially dzspmed means for receiving polar-
ized light from said coating.

4. A means of testing a viscoelastic tubular solid pro-

pellant member, gomnnsmﬂ'

{2) means for closing the extremities of the hore of a
tubular solid prop 3t member having a b?refrinﬁem
coating on one axizl end while e\po\mn said costing

{b} means for internally pressurizing said tebular pr0~
pellant member;

(¢} an annular source
sard coating:

{d} sncans disposed coa

source for rece

Bro

viscoelastic tubular solid pro-

of light directed axially osnto

udly with respect to said dight
tving reflecied light from said coat-
weh sakd ann ular source;

‘zing means é*“mvﬁ in t*“’»*

paths of inck
coating;

{{} and «mera foy photographing said reflected ligh

5. A means of testing a viscoelastic toubular solid pro-

peltant member, comprising:

{a) means for closing the ends of a tubular solid pro-
pellant member having a birefringent coating on one
axial end

{b) means for internnlly pressurizing said tubular pro-
pellant member;

£




{c) an anmular source of light directed axially onto
said coating;

{d) meaus disposed cmmaﬂy with respect to said light
source for receiving reflected light from said coating
passing through said annular source;

{e) a plurality of concentric pairs of po}anz.mg eles
ments; -

(f) means for movmn said elements in sequence be-
tween said light source and said coating whereby
the light incident to and reflected from said coating
passes through said polarizing elements;’

(g) and a camera for photographing light passing
through said po]arlzmg elements,

6. A means £or festing a viscoelastic tubular solid pro-

pellant member havmg a birefringent coating on an end

thereof, comprising:

(a) a support for said propellunt member;

{b) an inflatable bag within the bore of said propel t
member;.

(¢) means for mﬁatmfY eald bag to introduoce sfraid in
the propellant member;

(d) an annular sonrce of light du’ected amally onto

said coating;
{e) concentric light polarizing means disposed in the

paihs of incident and reflected light to and from raid .

coating;’
{f) and a-camera for photographing said reflected light.
7." A means for testing a viscoelastic tubular solia pro-
pellant member having a birefringent coating on an end

thereof, comprising?

(a) a support.for said propellant member;

(b) an inflatable bag within the bore of said prope]!ant
member,

{c) means for inflating said bag to introduce straln in
the propellant member;

(d) an annuldr source of light directed axially onto said
coating;

{e) a plurality of concentric pairs of polarizing ele-
ments oriented in different directions;

(f). means for moving said elemenis in sequencé be-
tween szid light source and said coating whereby the

: 6
light incident to and reflected from said coating
passes through said polarizing elements; : i

(g) and a camera for pholographing light passing
through said polarizing elements,

5 8. Apparatus for supporting a viscoelastic tubular pro-

peilant member while undergomv test, comprising:

(a) an inflatuble bag dimensioned to fit within said
propellant member;

(b) means for inflating said bag;

10 (¢) means for axially restraining said bag, mcludmg’
a disk conforming to the dimensions of the opening
in said propellant miember whereby the end of said
propellunt ‘member surrounding said disk is exposed;

. (d) means for sensing change in axial dimension of

15 said propellant member when subjected 10 intérnal
pressive exerted by said bag;

(=) an. =ans controlled by said sensipg meéans 1or
moving said disk axially to compensate for axial
movement of said propellant member and maintain

29 said disk in a predelermined contiguous -relation -

with said propellant member thereby 10 prevent ex-

rusion of said bag between said .disk and propellant
and restrici the force exerted by said bag oa said
propellant 1o radial directions.
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